By Authority Of 

THE UNITED STATES OF AMERICA 

Legally Binding Document 

By the Authority Vested By Part 5 of the United States Code § 552(a) and 
Part 1 of the Code of Regulations § 51 the attached document has been duly 
INCORPORATED BY REFERENCE and shall be considered legally 
binding upon all citizens and residents of the United States of America. 
HEED THIS NOTICE : Criminal penalties may apply for noncompliance. 


This Document Posted By 
Public.Resource.Org, Inc. 
a California Nonprofit 
Organization. 


Not Affiliated Or 
Authorized by ASTM 
or by the United States 
Government 


Document Name: ASTM G21: Standard Practice for Determining Resistance 

of Synthetic Polymeric Materials to Fungi 

CFR Section(s): 7 CFR 1755.910(d)(5)(iv) 


Standards Body: American Society for Testing and Materials 




% 


O fficial Incorporator : 

The Executive Director 

OFFICE OF THE FEDERAL REGISTER 
WASHINGTON, D.C. 


Q3A^ 











































Designation: G 21 - 90 


Standard Practice for 

Determining Resistance of Synthetic Polymeric Materials to 
Fungi 1 


This standard is issued under the fixed designation G 21; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and 
Standards for the specific year of issue which has been adopted by the Department of Defense. 


1. Scope 

1.1 This practice covers determination of the effect of 
fungi on the properties of synthetic polymeric materials in 
the form of molded and fabricated articles, tubes, rods, 
sheets, and film materials. Changes in optical, mechanical, 
and electrical properties may be determined by the appli¬ 
cable ASTM methods. 

1.2 The values stated in SI units are to be regarded as the 
standard. 

2. Referenced Document 

2.1 ASTM Standard: 

D618 Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing 2 

3. Summary of Practice 

3.1 The procedure described herein consists of (1) selec¬ 
tion of suitable specimens for determination of pertinent 
properties, ( 2 ) inoculation of the specimens with suitable 
organisms, (3) exposure of inoculated specimens under 
conditions favorable to growth, (4) examination and rating 
for visual growth, and (5) removal of the specimens and 
observations or testing, either before cleaning or after 
cleaning and reconditioning. 

Note 1—Since the procedure involves handling and working with 
fungi, it is recommended that personnel trained in microbiology 
perform the portion of the procedure involving handling of organisms 
and inoculated specimens. 

4. Significance and Use 

4.1 The resin portion of these materials is usually fungus- 
resistant in that it does not serve as a carbon source for the 
growth of fungi. It is generally the other components, such as 
plasticizers, cellulosics, lubricants, stabilizers, and colorants, 
that are responsible for fungus attack on plastic materials. It 
is important to establish the resistance to microbial attack 
under conditions favorable for such attack, namely, a 
temperature of 2 to 38°C (35 to 100°F) and a relative 
humidity of 60 to 100 %. 

4.2 The effects to be expected are as follows: 


1 This practice is under the jurisdiction of ASTM Committee G-3 on Durability 
of Nometallic Materials and is the direct responsibility of Subcommittee G03.04 
on Biological Deterioration. 

Current edition approved Oct. 26, 1990. Published December 1990. Originally 
published as D 1924 - 61. Last previous edition D 1924 - 63. Redesignated G 21 
in 1970 (Reapproved 1990). 

2 Annual Book of ASTM Standards, Vol 08.01. 


4.2.1 Surface attack, discoloration, loss of transmission 
(optical). 

4.2.2 Removal of susceptible plasticizers, modifiers, and 
lubricants, resulting in increased modulus (stiffness), changes 
in weight, dimensions, and other physical properties, and 
deterioration of electrical properties such as insulation resist¬ 
ance, dielectric constant, power factor, and dielectric 
strength. 

4.3 Often the changes in electrical properties are due 
principally to surface growth and its associated moisture and 
to pH changes caused by excreted metabolic products. Other 
effects include preferential growths caused by nonuniform 
dispersion of plasticizers, lubricants, and other processing 
additives. Attack on these materials often leaves ionized 
conducting paths. Pronounced physical changes are observed 
on products in film form or as coatings, where the ratio of 
surface to volume is high, and where nutrient materials such 
as plasticizers and lubricants continue to diffuse to the 
surface as they are utilized by the organisms. 

4.4 Since attack by organisms involves a large element of 
chance due to local accelerations and inhibitions, the order 
of reproducibility may be rather low. To assure that esti¬ 
mates of behavior are not too optimistic, the greatest 
observed degree of deterioration should be reported. 

4.5 Conditioning of the specimens, such as exposure to 
leaching, weathering, heat treatment, etc., may have signifi¬ 
cant effects on the resistance to fungi. Determination of these 
effects is not covered in this practice. 

5. Apparatus 

5.1 Glassware —Glass vessels are suitable for holding 
specimens when laid flat. Depending on the size of the 
specimens, the following are suggested: 

5.1.1 For specimens up to 75 mm (3 in.) in diameter, 
150-mm (6-in.) covered Petri dishes. 

5.1.2 For 75 mm (3 in.) and larger specimens, such as 
tensile and stiffness strips, large Petri dishes, trays of borosil- 
icate glass, or baking dishes up to 400 by 500 mm (16 by 20 
in.) in size, covered with squares of window glass. 

5.2 Incubator —Incubating equipment for all test methods 
shall maintain a temperature of 28 to 30°C (82.4 to 86°C) 
and a relative humidity not less than 85 %. Automatic 
recording of wet- and dry-bulb temperature is recommended. 

6. Reagents and Materials 

6.1 Purity of Reagents ■—Reagent grade chemicals shall be 
used in all tests. Unless otherwise indicated, it is intended 
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that all reagents shall conform to the specifications of the 
Committee on Analytical Reagents of the American Chem¬ 
ical Society, where such specification are available. * * 3 4 Other 
grades may be used, provided it is first ascertained that the 
reagent is of sufficiently high punty to permit its use without 
lessening the accuracy of the determination. 

6.2 Purity of Water —Unless otherwise indicated, refer¬ 

ences to water shall be understood to mean distilled water or 
water of equal purity. ■ " f ; 

6.3 Nutrient-Salts Agar*— Prepare this medium by dis¬ 
solving in 1 L of water the designated amounts of the 
following reagents: 


Potassium dihydrogen orthophosphate (KH 2 P0 4 ) 0.7 g 

Magnesium sulfate (MgS0 4 • 7H 2 0) 0.7 g 

Ammonium nitrate (NH 4 N0 3 ) 1.0 g 

Sodium chloride (NaCl) 0.005 g 

Ferrous sulfate (F;eSO 4 %7H 2 0) . , ■ - ■ • 0.002 g 

Zinc sulfate (ZnSq 4 *7H 2 0) 0.002 g 

Mangahous Sulfate (MhS0 4 v H 2 d) ' 0.001 g 

Xgar 11 , • • 15.0 g 

Potassium mppphydrogen orthophosphate (K 2 HP0 4 )j r . , 0.7 g . 


Sterilize the test medium by autoclaving at 121 ? C (250°F) for 
20 min. Adjust the pH of the medium by the addition of 0*01 
ATNaOH solution so that after sterilization the pH is Between 
6.0 and 6.5 1 Prepare sufficient medium for the required tests. 

6.4 Mixed Fungus Spore Suspension: > 

Note 2— Since a p umber of other organisms may be of specific 
interest for certain final assemblies or components, such other pure 
cultures of organisms may be uSed if agreed upon by the purchaser and 
the manufaetiirer ‘of the plastic. Reference (1) illustrates such a choice. 

6.4. h Use the, following test fungi in preparing the cul¬ 
tures: r^ V; . • ■' ,r yj, % 

Fungi ATCC No.' 1 MYCONo. 5 

Aspergillus niger r 9042 386 

,• , 'Penicilliutppinophilum c t 1,1797 391 

A Chaetomium globosuhi 0205 , 459 

Ghodadium virens : ' 9645 ’ " 365 

T >( i* AUriobasidiUWpullulans ,' 15233 : ’279c 


A American Type Culture Collection, .12301 Parklawn Drive/ Rockville, MD 
20852, ■ , ; ,V , - r ., .‘ . ■ .; . , . 

B Mycological Services, Box 1056, Crawfordsville, IN 47933. 

-’ ,:G Mstbridally kriown as’funicuibsm. ' 

Maintain cultures of these fungi separately on an appropriate 
medium such as potato dextrose agar. The stock cultures 
may be kept for not more than 4 months at apprbkimately 3 
to lOfC (37 to 50°F)i Use subcultures indubated at 28 to 30°C 
(82 to 86°F) for 7 to 20 days in preparing' the spore 
suspension. r--. -'h!, ry-l. i 

6.4.2 Prepare a spore suspension ^of each of the five fungi 
by pouring into one subculture bf each fungus a sterile* 
10-mL portion : of water or of a sterile solution containing 
0.05 g/L of a nontoxic wetting agent such as sodium dioctyl 
sulfosuccinate. Use a sterile: platinum or nichrome inocu¬ 
lating wire, to scrape gently the surface growth from the 
culture of the test organism. . w ■ 


^“Reagent Chemicals, American Chemical Society Specifications,” Am. Chem-i 

ical Soc., Washington, DC. For suggestions on the testing of reagents not listed by 
the American Chemical Society, see “Reagent Chemicals and Standards,” by 
Joseph Rosin, D. Van Nostrand Co., Inc., New York-, NY, and the “United States 

Phaqnacppeia.” , r . 

4 Agar‘and nutrient-salt^ aigar are obtainable frorh Fiolbgical laboratory supply 

sources. . A : ;s . '• '• >' ; ••• • " ■* ; , ‘ 


6.4.3 Pour the spore charge into a sterile 125-mL glass- 
stoppered Erlenmeyer flask containing 45 mL of sterile water 
and 10 to 15 solid glass beads, 5 mm in diameter. Shake the 
flask vigorously to liberate the spords from the fruiting bodies 
and to break the spore cltimps, ■ 

6.4.4 Filter the shaken suspension through a thin layer of 
sterile glass wool in a glass funnel into k sterile flask in order 
to remove mycelial fragments. 

6.4.5 Gentrifuge the filtered Spore 1 suspension aseptically, 
and discard the Supernataht liquid. Rfesuspehd the residue in 
50 mL of sterile water and centrifuge. 

6.4.6 Wash the spores obtained'frotn each of the fungi in 
this manner three times. Dilute the final washed residue with 
sterile nutrient-salts solution (Note 3) in such a manner that 
the resultant spore suspension shall contain 1 000 000 ± 
200 ’ 000 spbres/mL as determined with a counting chamber. 

6.4.7 Repeat this Operation for each organism used in the 
test and blend etjual volttmes of the- resultant spore suspen¬ 
sion to obtain'the final mixed spofe suspension. 5 : 

, . . - l . - .. | •. y r . - ;. 

Note 3—Nutrient salts solution is identical, with the composition for 
nutrient salts agar given in 6.3 except that the agar is omitted. 

'■'’j . il ■/. ’ : : 5 . t i K.. . v • 

6.4.8 The spore suspension may be prepared fresh each 
day or may be held in the refrigerator at 3 to 10°C (37 to 
50°F) for not more than 4 days. 

7. Viability Control : ^ 1 * 

7.1 With each daily group of tests place each of three 

pieces of sterilized filter paper, 25 mm (1. in.) square, on 
hardened nutrient-salts agar in separate Pdtri dishes. Inocu¬ 
late these 1 with the spore suspension by sprUying the^suspen- 
sion from a sterilized atomizer 5 so that the entire surface is 
moistened with the spore suspension; Incubate these at 1 28 to 
30°C (82 to 86°F) aba relative humidity hot less than'85 % 
and examine them after 14 days’ incubation. There Shall be 
copious growth on all three of the filter paper 'control 
specimens. Absence Of such growth requires repetition Of the 
test. Z ' 

8. Test Specimens. , ' 

8.1 The simplest specimen may be a 50 by 50-mm (2 by 

2-in.) piece, a 50-mm (2-in.) diameter piece, or a piece (rod 
or tubing) at least 76 mm (3 in.) long- cht from*4he material 
to b<? tested.. Completely; fabricated partg or,sections, put (rom 
fabricated parts, may be used as tpst ,specirpens. On such 
specimens, observation .of effect- is limited to appearance,, 
density of growth, optical , reflection or. transmission, or 
manpal evaluation, qf change in physical properties such as 
stiffness.. - i. ti;.,,/; Ui 

ft 8.2 Film-forming materials: such as coalings may be tested 
in the form o|fiips at least 5Q by ?5,mrp (2 by, Lin,) in si z e> 
Such films may be prepared by casting iO-ni glass and stripping 
after cure, or by impregnating (completely covering) filter 
paper or ignited glass fabric. 

8.3 For visual evaluation, three specimens shall be inocu¬ 
lated. If the specimen is different on two sides, three 
specimens of each, face tip and face down, shall be tested. 


5 DeVilbiss No. 163 atomizer or equivalent has been found satisfactory for this 
purpose. ; *. .. , : f . ' ■ \ " 


1098 








Note 4— In devising a test program intended to reveal quantitative 
changes occurring during and after fungal attack, an adequate number 
of specimens should be evaluated to establish a valid value for the 
original property. If five replicate specimens are required to establish a 
tensile strength of a film material, the same number of specimens shall 
be removed and tested for each exposure period. It is to be expected that 
values of physical properties at various stages of fungal attack will be 
variable; the values indicating the greatest degradation are the most 
significant (see 4.4). The ASTM Manual on Presentation of Data and 
Control Chart Analysis STP 15D, may be used as a guide. 

9. Procedure 

9.1 Inoculation —Pour sufficient nutrient-salts agar into 
suitable sterile dishes (see 5.1) to provide a solidified agar 
layer from 3 to 6 mm (Vs to l 2 3 * A in.) in depth. After the agar is 
solidified, place the specimens on the surface of the agar. 
Inoculate the surface, including the surface of the test 
specimens, with the composite spore suspension by spraying 
the suspension from a sterilized atomizer 5 with 110 kPa (16 
psi) of air pressure so that the entire surface is moistened 
with the spore suspension. 

9.2 Incubation —Cover the inoculated test specimens and 
incubate at 28 to 30°C (82 to 86°F) and not less than 85 % 
relative humidity for a minimum of 21 days, recording the 
growth each week. 

Note 5—Covered dishes containing nutrient agar are considered to 
have the desired humidity. Covers on large dishes may be sealed with 
masking tape. 

9.3 Observation for Visible Effects —If the test is for visible 
effects only, remove the three specimens from the incubator 
and judge them as follows: 


Observed Growth on Specimens Rating 

None 0 

Traces of growth (less than 10 %) 1 

Light growth (10 to 30 %) 2 


Observed Growth on Specimens Rating 

Medium growth (30 to 60 %) 3 

Heavy growth (60 % to complete coverage) 4 

Note 6—Traces of growth may be defined as scattered, sparse fungus 
growth such as might develop from (/) a mass of spores in the original 
inoculum, or (2) extraneous contamination such as fingermarks, insect 
feces, etc. Continous cobwebby growth extending over the entire 
specimen, even though not obscuring the specimen, should be rated as 2. 

Note 7 —Considerable physical change in plastics may occur with¬ 
out much visual growth, hence some measure of change in physical 
property selected from those cited in the Appendix is recommended. 

9.4 Effect on Physical Optical or Electrical Proper¬ 
ties —Wash the specimens free of growth, immerse in an 
aqueous solution of mercuric chloride (1 + 1000) for 5 min, 
rinse in tap water, air dry overnight at room temperature, 
and recondition at the standard laboratory conditions de¬ 
fined in Methods D 618, 23 ± 1°C (73 ± 2°F) and 50 ± 2 % 
relative humidity, and test according to the respective 
methods used on control specimens (see the Appendix). 

Note 8—For certain electrical tests, such as insulation resistance and 
arc resistance, specimens may be tested in the unwashed, humidified 
condition. Test values will be affected by surface growth and its 
associated moisture. 

10. Report 

10.1 The report shall include the following: 

10.1.1 Organisms or organism used, 

10.1.2 Time of incubation (if progressive), 

10.1.3 Visual rating of fungus growth according to 9.3, 
and 

10.1.4 Tabulation of progressive change in physical, op¬ 
tical, or electrical property against time of incubation. Give 
the number of observations, the mean, and the maximum 
observed change. 
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' ■ - '"appendix - 

" ; . f (Nonmandatory Information) ! 

XI. TEST METHODS FOR EVALUATION OF EFFECT OF FUNGI ON SYNTHETIC POLYMERIC 
, .'.i » MATERIALS " • 

XI-1 For evaluation of the effect of fungi on mechanical, optical, and electrical properties, the following ASTM and other 


test methods are recommended, 

Property 

Tensile, strength 
{ ( Stiffness . 


Hardness ' 

OpticaUransmission 

Haze 

Water vapor transmission 
Dielectric strength 
Dielectric constant-power factor 
Insulation resistance 
Arc resistance 


. , Methods , ,, 

_ i ^- '( 

D§38, D 882, D1708 / ' t • 

4 D 747 a ' 

TAPPl Test Method T 451-M-45 
Fed. std. No. 191, Method 5204 ( 
(Clark Stiffness Test)., ( 

Fed, Std- Np 191, Method 5206, 
(Cantilever Behd Method) 
'D785 a ' f r - ( ’ •• 

E 308 A 
D1003 A 
E 96 a 
D 149 A 

D 150 a ; * 

D 257 A 
D 495 A 


A These designations,refer to the following ASTM methods: » , _ _ i 2 

D 149, Test Method for Dielectric Breakdown Voltage and Dielectric Strength of Electrical Insulating Materials at Commercial Power Frequencies 
D 15o! Test Methods for A-C Loss Characteristics anb Dielectric Constant (Permittivity) of Solid Electrical Insulating Materials 

D 257, Test Method^ for D-C'Resistance or Conductance Of insulating Materials * 2 , ■ ' 

D 495, Test Method for High-Voltage, Uow-Curren,t Arc Resistance of Solid Electrical Insulating Materials 

D 638, Test Method for Tensile Properties of Plastics 2 

D 747, Test Method for Stiffness of Plastics by Means of a Cantilever Beam 2 

D 785;' Test Method for Rockwell Hardness of Plastics and Electrical Insulating Materials 2 . 

D 1003, Test :Method for Haze and,Luminous Transmittance of-Transparent Plastics 2 
D 1708, .Test Method,for Tensile Properties of,Plastics by Use.of Microtensije:Specimens 6 
E 96, Test Methods for Water Vapor Transmission of Materials in Sheet Form 7 
E 308, Rec. Practice for Spectrophotometry and Description of Color in C1E 1931 System 8 



6 Annual Book of ASTM Standards, Vol 08.02. 

7 Annual Book of ASTM Standards, Vols 08.03 and 15.09. 

s Annual Book of ASTM Standards, Y 0 IO 6 .OI. . .■ 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the vaiidity of any such 
, patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible ,, 
technical committee] which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM committee 6h Standards, 19i6 Race St., Philadelphia, PA 19103. 
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